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MAGNESIUM HALIDE ADDUCTS, CATALYST
COMPONENTS AND CATALYSTS
COMPRISING THE SAME, AND
PREPARATION PROCESSES THEREOF

The present application claims priority to four Chinese
Patent Application Nos. CN201110142156.X,
CN201110142182.2, CN201110142024.7 and CN
201110142025.1, all filed on May 27, 2011, which are incor-
porated herein by reference in their entirety.

The present disclosure relates to a magnesium halide
adduct, a catalyst component comprising the magnesium
halide adduct, and a catalyst comprising the catalyst compo-
nent for olefin polymerization; to the respective preparation
processes of the magnesium halide adduct and the catalyst
component; to use of the magnesium halide adduct for pre-
paring a catalyst component, use of the catalyst component in
a catalyst for olefin polymerization, and use of the catalyst in
olefin polymerization; and to a process of olefin polymeriza-
tion.

Ziegler-Natta catalysts can be prepared by supporting tita-
nium compounds and electron donor compounds on active
magnesium halides. In general, the active magnesium halides
are magnesium halide-alcohol adducts, which, as supports,
react with titanium halides and electron donor compounds to
obtain spherical catalysts. When used in olefin polymeriza-
tion, for example, propylene polymerization, such spherical
catalysts can lead to relatively high polymerization activities
and stereospecificity, and the resultant polymers can have
good particle morphology.

The known magnesium halide-alcohol adducts may com-
prise binary components consisting of magnesium chloride
and alcohol. In some cases, the magnesium halide-alcohol
adducts further comprise a small amount of water. Such mag-
nesium halide-alcohol adducts may be prepared by known
processes, such as spray drying process, spray cooling pro-
cess, high-pressure extruding process, or high-speed stirring
process. The magnesium chloride-alcohol adducts are
described in, for example, U.S. Pat. Nos. 4,421,674, 4,469,
648, WO 87/07620, WO 93/11166, U.S. Pat. Nos. 5,100,849,
6,020,279, 4,399,054, EP 0 395 383, U.S. Pat. Nos. 6,127,
304, 6,323,152 and CN 1,226,901A. Among them, for
example, CN  1,226,901A discloses an adduct
MgCl,. mROH.nH,O, wherein R is C,;-C,, alkyl group,
2=m=4.2 and 0=n=0.7. However, when the catalysts prepared
from such magnesium halide-alcohol adducts are used in
olefin polymerization, a cracking phenomenon of the poly-
mer particles may take place so easily that there are many fine
powders of the polymer. The main reason might be that cata-
Iytic active sites formed on the adduct supports during the
reaction of the adducts with titanium halides and electron
donor compounds are not uniformly distributed.

In order to overcome this drawback, it has been attempted
to introduce in advance the electron donor compounds in the
course of the preparation of the magnesium chloride-alcohol
adduct supports. For example, as disclosed in Chinese Patent
CN1397568A and CN1563112A, internal electron donors,
such as phthalates, are introduced in preparation of the sup-
ports so as to form spherical “magnesium chloride-alcohol-
phthalate” multi-component supports, which then react with
titanium tetrachloride to form catalysts. The disclosed spheri-
cal supports have the average particle sizes, D50, ranging
from 70 to 200 microns. When used in propylene polymer-
ization, the catalysts provide a relatively low polymerization
activity of 406 g PP/gcat.

In addition, another patent CN101050245A discloses a
magnesium halide adduct represented by the formula: MgX,-
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mROH-nE-pH,0, wherein E is a dihydrocarbyloxy hydro-
carbon, R is C,-C, , alkyl, C;-C, ,cycloalkylor C-C, aryl,m
isinarange of from 1 to 5, nis in a range of from 0.005t0 1.0,
and p is in a range of from O to 0.8. The magnesium halide
adduct is prepared by a process comprising the steps of: (1) in
a closed reactor, mixing the magnesium halide, the alcohol,
the dihydrocarbyloxy hydrocarbon compound and optionally
an inert medium, and heating the resultant mixture to a tem-
perature ranging from 100 to 140° C. under stirring, to form
amelt of amagnesium halide adduct, wherein the magnesium
halide is added in an amount ranging from 0.1 to 1.0 mol/liter
of the liquid medium, and the alcohol and the dihydrocarby-
loxy hydrocarbon compound are added in an amount ranging
from 1 to 5 moles and from 0.005 to 1 mole, respectively, with
respect to one mole of magnesium; (2) applying shearing
action on the above melt of the magnesium halide adduct and
then discharging it into a cooling medium, to form spherical
particles of the magnesium halide adduct, wherein the cool-
ing medium is controlled at a temperature ranging from —40°
C. to 0° C. However, the magnesium halide adduct prepared
according to this process includes a large quantity of non-
spherical particles, for example, needle-shaped particles and
rod-shaped particles. When the catalyst comprising this mag-
nesium halide adduct as a support is used in olefin polymer-
ization, the resultant polymer may also include a large quan-
tity of non-spherical particles.

Disclosed herein is, for example, a spherical magnesium
halide adduct having a relatively regular spatial structure,
which can overcome the above drawbacks of the existing
magnesium halide adducts. The magnesium halide adduct
disclosed herein comprises at least one compound of formula
MgXY, at least one compound of formula ROH, methanol, at
least one modifying agent chosen from DOE as defined below
and o-hydroxy benzoates, and optionally water, wherein the
formulae MgXY and ROH and the modifying agent are
defined as below.

Also disclosed herein is a catalyst component for olefin
polymerization prepared by using the magnesium halide
adduct disclosed herein. The catalyst component comprises a
reaction product of, for example, the spherical magnesium
halide adduct disclosed herein, at least one titanium com-
pound and at least one internal electron donor compound.

Further disclosed herein is a catalyst comprising the cata-
lyst component for olefin polymerization disclosed herein.
The catalyst comprises: (1) the catalyst component disclosed
herein for olefin polymerization; (2) at least one alkyl alumi-
num compound; and (3) optionally at least one external elec-
tron donor compound.

Further disclosed herein is a process for preparing the
magnesium halide adduct.

Further disclosed herein is a process for preparing the
catalyst component.

Even further disclosed herein are use of the catalyst com-
ponent in a catalyst for olefin polymerization and use of the
catalyst in olefin polymerization.

Even further disclosed herein is a process of olefin poly-
merization, comprising contacting at least one olefin with the
catalyst disclosed herein under olefin polymerization condi-
tions, wherein the catalyst comprises: (1) the catalyst com-
ponent disclosed herein for olefin polymerization; (2) at least
one alkyl aluminum compound; and (3) optionally at least one
external electron donor compound.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an optical microscopic photograph of the
spherical magnesium halide adduct prepared in Example 1.
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FIG. 2 shows an optical microscopic photograph of the
magnesium halide adduct prepared in Comparative Example
1.

FIG. 3 shows an optical microscopic photograph of the
catalyst component particles for olefin polymerization pre-
pared in Example 1.

FIG. 4 shows an optical microscopic photograph of the
spherical magnesium halide adduct prepared in Example 5.

FIG. 5 shows an optical microscopic photograph of the
magnesium halide adduct prepared in Comparative Example
3.

FIG. 6 shows an optical microscopic photograph of the
olefin polymerization catalyst prepared in Example 5.

FIG. 7 shows an optical microscopic photograph of the
olefin polymerization catalyst prepared in Comparative
Example 3.

In one embodiment, disclosed herein is a spherical mag-
nesium halide adduct having a relatively regular spatial struc-
ture, which can overcome the above drawbacks of the existing
magnesium halide adducts. The magnesium halide adduct
disclosed herein comprises at least one compound of formula
MgXY, at least one compound of formula ROH, methanol, at
least one modifying agent chosen from DOE and o-hydroxy
benzoates, and optionally water. The magnesium halide
adduct disclosed herein can be with good particle morphol-
ogy, smooth surface, good fluidity, and few or no non-spheri-
cal particles. Moreover, the catalyst prepared by using the
magnesium halide adduct as a catalyst support can be used for
olefin polymerization with a relatively good hydrogen sensi-
tivity.

1. The Compound of Formula MgXY

One component in the magnesium halide adduct disclosed
herein is the compound of formula MgXY, which is adducted
with an alcohol. In the compound of formula MgXY dis-
closed herein, X is halogen, and Y, being independent of X, is
chosen from halogen, C,-C,, alkyl, C,-C,, alkoxy, C4-C,,
aryl, and C¢-C,, aryloxy.

In one embodiment, X and Y both are halogen; or X is
halogen, and Y may be chosen from C,-C, alkyl, C,-C
alkoxy, C4-C, , aryl, and C,4-C, , aryloxy. The halogen is, for
example, chlorine or bromine. The C,-C, alkyl may be cho-
sen, for example, from methyl, ethyl, propyl, isopropyl, butyl,
and isobutyl. The C,-C4 alkoxy may be chosen, for example,
from methoxy, ethoxy, propoxy, isopropoxy, butoxy, and
isobutoxy. The C-C, , aryl may be chosen, for example, from
phenyl, o-tolyl, m-tolyl, p-tolyl, o-ethylphenyl, m-ethylphe-
nyl, p-ethylphenyl, and naphthyl. The C4-C, , aryloxy may be
chosen, for example, from phenoxy and naphthoxy.

In one further embodiment, the at least one compound of
formula MgXY may be chosen from magnesium dichloride,
magnesium dibromide, phenoxy magnesium chloride, iso-
propoxy magnesium chloride and butoxy magnesium chlo-
ride.

2. The Compound of Formula ROH

In the compound of formula ROH disclosed herein, R is
chosen from C,-C,, alkyl, C;-C,, cycloalkyl, and C,-C,,
aryl.

As disclosed herein, the compound of formula ROH refers
to alcohols other than methanol. In one embodiment, in the
formula ROH, R is chosen from C,-C, alkyl, C,;-Cq
cycloalkyl, and C4-C, , aryl. The C,-Cg alkyl may be chosen,
for example, from ethyl, propyl, isopropyl, butyl, isobutyl,
pentyl, isopentyl, hexyl, isohexyl, heptyl, isoheptyl, octyl,
and isooctyl. The C;-Cg cycloalkyl may be chosen, for
example, from cyclopropyl, cyclobutyl, cyclopentyl, and
cyclohexyl. The C¢-C,, aryl may be chosen, for example,
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from phenyl, o-tolyl, m-tolyl, p-tolyl, o-ethylphenyl, m-eth-
ylphenyl, p-ethylphenyl, and naphthyl.

In one further embodiment, the at least one compound of
formula ROH may be chosen from ethanol, propanol, isopro-
panol, n-butanol, isobutanol, pentanol, isopentanol, n-hex-
anol, n-octanol, and 2-ethylhexanol.

3. The Modifying Agent

The magnesium halide adduct disclosed herein comprises,
for example, at least one compound chosen from DOE and
o-hydroxy benzoates as a modifying agent. In some embodi-
ments, the DOE is chosen from polyol esters of formula (I)

@

R* Rs 0

wherein, R, and R, which may be identical or different, may
be independent of each other chosen from halogen, substi-
tuted and unsubstituted linear and branched C,-C,, alkyl,
C;-C,, cycloalkyl, C4-Cyg aryl, C-C,, aralkyl, and C,-C,
alkenyl;

R;-R and R!'-R?¥, which may be identical or different,
may be independent of each other chosen from hydrogen,
halogen, substituted and unsubstituted, linear and branched
C,-C,, alkyl, C5-C,,, cycloalkyl, C4-C,, aryl, C,-C,, aralkyl,
C,-C,, alkenyl, C,-C,, ester groups, heteroatom-containing
C,-C,, alkyl, heteroatom-containing C;-C,, cycloalkyl, het-
eroatom-containing C4-C,, aryl, heteroatom-containing
C,-C,, aralkyl, and heteroatom-containing C,-C,, alkenyl,
wherein the heteroatom may be one or more chosen from
halogen, nitrogen, oxygen, sulfur, silicon, and phosphorus;

Alternatively, two or more of R;-R, and R*-R?* are linked
to form at least one ring structure chosen from saturated and
unsaturated ring structures;

The moiety in the parentheses ““| ]” represents k carbon
atoms linked in sequence, and each of the carbon atoms is
further linked to two substituents, that is, there are k carbon
atoms and 2k substituents R*, R>, R* . . . R* in the parenthe-
ses;

kis an integer ranging from 0 to 10; when k=0, in the polyol
ester of the formula (I), the carbon atom substituted with R,
and R, is directly linked to the carbon atom substituted with
R; and Rq.

In one embodiment, R, and R,, which are identical or
different, are independent of each other, chosen from halo-
gen, C,-C,, alkyl, C;-C,, cycloalkyl, Cs-C,, aryl, C,-C,,
aralkyl, and C,-C,, alkenyl. In another embodiment, R, and
R,, which are identical or different, are independent of each
other, chosen from C, -Cg4 alkyl, C;-C, cycloalkyl, C,-Cg aryl,
and C,-Cy aralkyl; for example, independently chosen from
methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl,
isopentyl, neopentyl, n-hexyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, phenyl, tolyl, dimethylphenyl, eth-
ylphenyl, benzyl, methylbenzyl and phenylethyl.

In one embodiment, R;-R, and R*-R*, which are identical
or different, are independent of each other, chosen from
hydrogen, halogen, C,-C,, alkyl, C,-C,, cycloalkyl, C,-C, ,
aryl,C,-C,, aralkyl, C,-C, , alkenyl, and C,-C, , ester groups.
In another embodiment, R;-R, which are identical or differ-
ent, are independent of each other, chosen from hydrogen,
C,-C; alkyl, and C;-C; cycloalkyl; for example, indepen-
dently chosen from hydrogen, methyl, ethyl, n-propyl, iso-
propyl, n-butyl, t-butyl, n-pentyl, isopentyl, neopentyl,
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n-hexyl, cyclopropyl, cyclobutyl, cyclopentyl, and cyclo-
hexyl; R*-R*, which are identical or different, are indepen-
dent of each other, are chosen from hydrogen and C,-C, alkyl;
for example, independently chosen from hydrogen, methyl,
ethyl, n-propyl, isopropyl, n-butyl and t-butyl.

In one embodiment, the DOE is chosen from diol esters of
formula (Ia):

(la)
R Ry
\C/ (@] H R
R, —O0—C—R,
s\c/
R7/ \
C—0—C—R,
/N,
R's R's 0

wherein, R, and R, are the same as defined in formula (I);

R;'-R4', R, and Rg, which may be identical or different,
may be independent of each other, chosen from hydrogen,
halogen, substituted and unsubstituted linear and branched
C,-C,yalkyl, C;-C,, cycloalkyl, C,-C,, aryl, C,-C,, aralkyl,
C,-C,, alkenyl, heteroatom-containing C,-C,, alkyl, het-
eroatom-containing C;-C,,, cycloalkyl, heteroatom-contain-
ing C-C,, aryl, heteroatom-containing C,-C,, aralkyl, and
heteroatom-containing C,-C,, alkenyl;

alternatively, two or more of R;'-R ;' and R ,-R are linked to
form at least one ring structure chosen from saturated and
unsaturated ring structure; and

wherein the heteroatom may be one or more chosen from
halogen, nitrogen, oxygen, sulfur, silicon and phosphorus.

In one further embodiment, in formula (Ia), R, and R,,
which are identical or different, are independent of each other,
chosen from halogen, C,-C,, alkyl, C,-C,, cycloalkyl,
Cs-C,, aryl, C,-C,, aralkyl and C,-C,, alkenyl; R;'-R,' and
R,-Rg, which are identical or different, are independent of
each other, chosen from hydrogen, halogen, C,-C,, alkyl,
C;-C,, cycloalkyl, C4-C,, aryl, C,-C,, aralkyl and C,-C,,
alkenyl.

In another embodiment, in formula (Ia), R, and R,, which
are identical or different, are independent of each other, cho-
sen from C,-Cg alkyl, C;-C, cycloalkyl, C4-Cg aryl and C,-Cyg
aralkyl; for example, independently chosen from methyl,
ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl, isopen-
tyl, neopentyl, n-hexyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, phenyl, tolyl, dimethylphenyl, ethylphenyl, ben-
zyl, methylbenzyl and phenylethyl;

Likewise, in yet another embodiment, in formula (Ia), R;'-
R', which are identical or different, are independent of each
other, chosen from hydrogen, C,-C4 alkyl and C;-Cq
cycloalkyl; for example, independently chosen from hydro-
gen, methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl,
n-pentyl, isopentyl, neopentyl, n-hexyl, cyclopropyl,
cyclobutyl, cyclopentyl, and cyclohexyl; R,-Rgs, which are
identical or different, are independent of each other, chosen
from hydrogen and C,-C, alkyl; for example, independently
chosen from hydrogen, methyl, ethyl, n-propyl, isopropyl,
n-butyl and t-butyl.

As disclosed herein, suitable DOE can be selected by a
person skilled in the art according to the above description,
but the above diol ester of formula (Ia) is, for example, used
in some embodiments. Some examples of DOE are chosen
from 1,3-propanediol dibenzoate, 2-methyl-1,3-propanediol
dibenzoate, 2-ethyl-1,3-propanediol dibenzoate, 2,2-dim-
ethyl-1,3-propanediol dibenzoate, (R)-1-phenyl-1,3-pro-
panediol dibenzoate, 1,3-diphenyl-1,3-propanediol diben-
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6
zoate, 1,3-diphenyl-1,3-propanediol di-n-propionate, 1,3-
diphenyl-2-methyl-1,3-propanediol  dipropionate,  1,3-
diphenyl-2-methyl-1,3-propanediol diacetate, 1,3-diphenyl-
2,2-dimethyl-1,3-propanediol dibenzoate, 1,3-diphenyl-2,2-
dimethyl-1,3-propanediol dipropionate, 1,3-di-t-butyl-2-
ethyl-1,3-propanediol dibenzoate, 1,3-diphenyl-1,3-
propanediol diacetate, 1,3-diisopropyl-1,3-propanediol di(4-
butylbenzoate), 1-phenyl-2-amino-1,3-propanediol
dibenzoate, 1-phenyl-2-methyl-1,3-butanediol dibenzoate,
2,4-pentanediol dibenzoate, 3-butyl-2,4-pentanediol diben-
zoate, 3,3-dimethyl-2.4-pentanediol dibenzoate, 2,4-pen-
tanediol di(p-chlorobenzoate), 2,4-pentanediol di(m-chloro
benzoate), 2,4-pentanediol di(p-bromobenzoate), 2,4-pen-
tanediol di(o-bromobenzoate), 2,4-pentanediol di(p-methyl-
benzoate), 2,4-pentanediol di(p-t-butylbenzoate), 2,4-pen-
tanediol di(p-butylbenzoate), 2-methyl-1,3-pentanediol di(p-

chlorobenzoate), 2-methyl-1,3-pentanediol di(p-
methylbenzoate), 2-butyl-1,3-pentanediol di(p-
methylbenzoate), 2-methyl-1,3-pentanediol di(p-t-

butylbenzoate), 2-methyl-1,3-pentanediol neopentanoate,
2-methyl-1,3-pentanediol benzoate cinnamate, 2,2-dim-
ethyl-1,3-pentanediol dibenzoate, 2,2-dimethyl-1,3-pen-
tanediol benzoate cinnamate, 2-ethyl-1,3-pentanediol diben-
zoate, 2-butyl-1,3-pentanediol dibenzoate, 2-allyl-1,3-
pentanediol dibenzoate, 2-methyl-1,3-pentanediol
dibenzoate, 2-ethyl-1,3-pentanediol dibenzoate, 2-propyl-1,
3-pentanediol dibenzoate, 2-butyl-1,3-pentanediol diben-
zoate, 1,3-pentanediol di(p-chlorobenzoate), 1,3-pentanediol
di(m-chloro benzoate), 1,3-pentanediol di(p-bromoben-
zoate), 1,3-pentanediol di(o-bromobenzoate), 1,3-pen-
tanediol di(p-methylbenzoate), 1,3-pentanediol di(p-t-butyl-
benzoate), 1,3-pentanediol di(p-butylbenzoate), 1,3-
pentanediol ~ benzoate  cinnamate, 1,3-pentanediol
dicinnamate, 1,3-pentanediol dipropionate, 2,2,4-trimethyl-
1,3-pentanediol diisopropylformate, 1-trifluoromethyl-3-
methyl-2,4-pentanediol dibenzoate, 2.4-pentanediol di-p-
fluoromethyl benzoate, 2,4-pentanediol di(2-furanformate),
2-methyl-6-heptene-2,4-heptanediol dibenzoate, 3-methyl-
6-heptene-2,4-heptanediol dibenzoate, 4-methyl-6-heptene-
2,4-heptanediol dibenzoate, 5-methyl-6-heptene-2,4-hep-
tanediol dibenzoate, 6-methyl-6-heptene-2,4-heptanediol
dibenzoate, 3-ethyl-6-heptene-2.4-heptanediol dibenzoate,
4-ethyl-6-heptene-2,4-heptanediol dibenzoate, 5S-ethyl-6-
heptene-2,4-heptanediol dibenzoate, 6-ethyl-6-heptene-2,4-
heptanediol dibenzoate, 3-propyl-6-heptene-2,4-heptanediol
dibenzoate, 4-propyl-6-heptene-2,4-heptanediol dibenzoate,
5-propyl-6-heptene-2,4-heptanediol dibenzoate, 6-propyl-6-
heptene-2,4-heptanediol dibenzoate, 3-butyl-6-heptene-2,4-
heptanediol dibenzoate, 4-butyl-6-heptene-2,4-heptanediol
dibenzoate, S5-butyl-6-heptene-2,4-heptanediol dibenzoate,
6-butyl-6-heptene-2,4-heptanediol  dibenzoate, 3,5-dim-
ethyl-6-heptene-2.,4-heptanediol dibenzoate, 3,5-diethyl-6-
heptene-2,4-heptanediol dibenzoate, 3,5-dipropyl-6-hep-
tene-2,4-heptanediol dibenzoate, 3,5-dibutyl-6-heptene-2,4-

heptanediol ~ dibenzoate,  3,3-dimethyl-6-heptene-2.4-
heptanediol dibenzoate, 3,3-diethyl-6-heptene-2,4-
heptanediol dibenzoate, 3,3-dipropyl-6-heptene-2,4-
heptanediol dibenzoate, 3,3-dibutyl-6-heptene-2,4-

heptanediol dibenzoate, 3-ethyl-3,5-heptanediol dibenzoate,
4-ethyl-3,5-heptanediol ~ dibenzoate, 3-propyl-3,5-hep-
tanediol dibenzoate, 4-propyl-3,5-heptanediol dibenzoate,
3-butyl-3,5-heptanediol dibenzoate, 2,3-dimethyl-3,5-hep-
tanediol dibenzoate, 2,4-dimethyl-3,5-heptanediol diben-
zoate, 2,5-dimethyl-3,5-heptanediol dibenzoate, 4,4-dim-
ethyl-3,5-heptanediol dibenzoate, 4,5-dimethyl-3,5-
heptanediol ~ dibenzoate,  4,6-dimethyl-3,5-heptanediol
dibenzoate, 6,6-dimethyl-3,5-heptanediol dibenzoate, 2-me-
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thyl-3-ethyl-3,5-heptanediol dibenzoate, 2-methyl-4-ethyl-
3,5-heptanediol  dibenzoate, 2-methyl-5-ethyl-3,5-hep-
tanediol  dibenzoate, 3-methyl-4-ethyl-3,5-heptanediol
dibenzoate, 3-methyl-5-ethyl-3,5-heptanediol dibenzoate,
4-methyl-3-ethyl-3,5-heptanediol dibenzoate, 4-methyl-4-
ethyl-3,5-heptanediol dibenzoate, 9,9-bis(benzoyloxym-
ethyl)fluorene, 9,9-bis((m-methoxybenzoyloxy)methyl)
fluorene, 9,9-bis((m-chlorobenzoyloxy)methyl)fluorene,
9,9-bis((p-chlorobenzoyloxy)methyl)fluorene, 9,9-bis(cin-
namoyloxymethyl)fluorene, 9-(benzoyloxymethyl)-9-(pro-
pylcarboxylmethyl)fluorene, 9,9-bis(propylcarboxylmethyl)
fluorene, 9,9-bis(acryloxymethyl)fluorene, and 9,9-bis
(neopentylcarboxylmethy)fluorene. The above DOE
compounds as exemplified, such as diol esters, are either
commercially available, or can be synthesized by using well
known methods in the art (e.g., the method as disclosed in
CN1169845C).

In some embodiments, o-hydroxy benzoate can be used as
the modifying agent of the magnesium halide adduct. The
o-hydroxy benzoate is of the following formula (II):

an

C—OR

OH

wherein, R is chosen from linear and branched C,-C, , alkyl,
C,-C,, cycloalkyl, C.-C,, aryl or C,-C, , arylalkyl.

The C,-C, , alkyl group may be chosen, for example, from
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, pen-
tyl, isopentyl, hexyl, and isohexyl. The C,-C,, cycloalkyl
may be chosen, for example, from cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl. The C4-C, , aryl may be chosen,
for example, from phenyl, o-benzyl, m-benzyl, p-benzyl,
o-ethylphenyl, m-ethylphenyl, p-ethylphenyl and naphthyl.
The C,-C, , arylalkyl may be chosen, for example, from inde-
nyl, benzyl and phenylethyl. In one further embodiment, the
o-hydroxy benzoate is chosen from methyl o-hydroxy ben-
zoate, ethyl o-hydroxy benzoate, n-propyl o-hydroxy ben-
zoate, isopropyl o-hydroxy benzoate, n-butyl o-hydroxy ben-
zoate and isobutyl o-hydroxy benzoate.

4. Methanol

The magnesium halide adduct disclosed herein comprises
methanol. This component may, for example, be generated in
situ during a contact reaction by treating with dimethoxypro-
pane in the process of preparing the magnesium halide adduct
as described below.

According to some embodiments disclosed herein, the for-
mula of the magnesium halide adduct may be expressed as
MgXY-mROH-nCH,OH-tM-qH,O, wherein, MgXY and
ROH have the respective definitions as described above; M
represents the modifying agent, chosen from DOE and o-hy-
droxy benzoate; m is chosen from 1-2.4, n is chosen from
0.1-1.0, t is chosen from 0.0001-0.1, and q is chosen from
0-0.8.

In one embodiment, in the above formula of the magne-
sium halide adduct, m is chosen from 1.5-2.2, n is chosen
from 0.3-0.8, t is chosen from 0.0002-0.01, and q is chosen
from 0-0.5.

According to one embodiment disclosed herein, if o-hy-
droxy benzoate is used as the modifying agent, t may be
chosen, for example, from 0.001-0.05, such as from 0.002-
0.04.
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In one embodiment disclosed herein, no matter which
modifying agent, i.e., either the DOE or the o-hydroxy ben-
zoate, is used, the magnesium halide adducts are spherical
particles, and the spherical particles may have a diameter of
10-100 pm, such as 20-80 um. In an embodiment, the olefin
polymerization catalyst formed by using the magnesium
halide adduct as a catalyst support has excellent anti-breaking
property and hydrogen sensitivity. As disclosed herein, the
mean diameter of the spherical particles may be measured by
using a Mastersizer 2000 laser particle size analyzer.

Further disclosed herein is a catalyst component for olefin
polymerization prepared by using the magnesium halide
adduct. The catalyst component comprises at least one reac-
tion product of the magnesium halide adduct, such as the
spherical magnesium halide adduct, disclosed herein, at least
one titanium compound and at least one internal electron
donor compound. A titanium halide for example can be
employed as the titanium compound herein.

As disclosed herein, in the catalyst component for olefin
polymerization, the weight ratio of the titanium element, the
magnesium element and the internal electron donor com-
pound may be 1:(5-15):(2-15), such as 1:(6-13):(3-12).

As disclosed herein, there is no special limitation to the
conditions of the contact reaction between, for example, the
spherical magnesium halide adduct and titanium halide. In
one embodiment, the conditions of the contact reaction may
include: a reaction temperature ranging from 80-130° C., and
a reaction time ranging from 0.5-10 h.

As disclosed herein, the titanium compound may be any
titanium halide as conventionally used in the process of pre-
paring an olefin polymerization catalyst. In some embodi-
ments, the titanium compound may be chosen, for example,
from compounds of formula Ti(ORa),_,Z, and/or Ti(ORa),_,
Z,, wherein: Ra is C,-C, alkyl, Z is halogen, a is an integer
of 1-3, and b is an integer of 1-4. In one embodiment, the
titanium compound is chosen from titanium tetrachloride,
titanium tetrabromide, titanium tetraiodide, tributoxy tita-
nium chloride, dibutyoxy titanium dichloride, butyoxy tita-
nium trichloride, triethoxy titanium chloride, diethoxy tita-
nium dichloride, ethoxy titanium trichloride and titanium
trichloride; for example, chosen from titanium tetrachloride
and titanium tetrabromide.

As disclosed herein, the internal electron donor compound
may be any internal electron donor compound as convention-
ally used in the process of preparing an olefin polymerization
catalyst, which may be, for example, chosen from carboxy-
lates, alcohol esters, ethers, ketones, amines and silanes, such
as chosen from monohydric and polyhydric aliphatic car-
boxylates, monhydric and polyhydric aromatic carboxylates,
dihydric alcohol esters and diethers.

The monohydric or polyhydric aliphatic carboxylates may
be, for examples, one or more chosen from diethyl malonate,
dibutyl malonate, diethyl 2,3-diisopropylsuccinate, di-n-bu-
tyl 2,3-diisopropylsuccinate, di-isobutyl 2,3-diisopropyl suc-
cinate, dimethyl 2,3-diisopropylsuccinate, diisobutyl 2,2-
dimethylsuccinate, diisobutyl 2-ethyl-2-methylsuccinate,
diethyl 2-ethyl-2-methylsuccinate, diethyl adipate, dibutyl
adipate, diethyl sebacate, dibutyl sebacate, diethyl maleate,
di-n-butyl maleate, diethyl naphthalene dicarboxylate and
dibutyl naphthalene dicarboxylate.

The monhydric or polyhydric aromatic carboxylates may
be, for example, one or more chosen from ethyl benzoate,
diethyl phthalate, diisobutyl phthalate, di-n-butyl phthalate,
diisooctyl phthalate, di-n-octyl phthalate, triethyl trimellitate,
tributyl trimellitate, triethyl hemimellitate, tributyl hemimel-
litate, tetracthyl pyromellitate and tetrabutyl pyromellitate.
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The dihydric alcohol ester may be a compound of the
formula (I):

@

wherein, R, andR,, R,-R, and R*-R** as well as k, which may
be identical or different, have one of the meanings as given
above for the corresponding substituents and symbols in the
formula (I).

In one embodiment, the dihydric alcohol esters may be
chosen from compounds of formula (I1I):

(1)

Rt R'yo ﬁ
Ryg O—C—Ryy
R
17 0—C—Rys
R Rp o

wherein, each of R, ,, R;5, R4, R;7, R o, R'; |, R, and R 5
has one of the meanings as given above for the respective
corresponding substituents and symbols in the corresponding
positions of formula (Ia).

In some embodiments, the dihydric alcohol esters as the
internal electron donor compound may be, for example, one
or more chosen from 1,3-propanediol dibenzoate, 2-methyl-
1,3-propanediol dibenzoate, 2-ethyl-1,3-propanediol diben-
zoate, 2,2-dimethyl-1,3-propanediol dibenzoate, (R)-1-phe-
nyl-1,3-propanediol dibenzoate, 1,3-diphenyl-1,3-
propanediol dibenzoate, 1,3-diphenyl-1,3-propanediol di-n-
propionate, 1,3-diphenyl-2-methyl-1,3-propanediol
dipropionate, 1,3-diphenyl-2-methyl-1,3-propanediol diac-
etate, 1,3-diphenyl-2,2-dimethyl-1,3-propanediol diben-
zoate, 1,3-diphenyl-2,2-dimethyl-1,3-propanediol dipropi-
onate, 1,3-di-t-butyl-2-ethyl-1,3-propanediol dibenzoate,
1,3-diphenyl-1,3-propanediol diacetate, 1,3-diisopropyl-1,3-
propanediol di(4-butylbenzoate), 1-phenyl-2-amino-1,3-pro-
panediol dibenzoate, 1-phenyl-2-methyl-1,3-butanediol
dibenzoate, 2,4-pentanediol dibenzoate, 3-butyl-2,4-pen-
tanediol dibenzoate, 3,3-dimethyl-2,4-pentanediol diben-
zoate, 2,4-pentanediol di(p-chlorobenzoate), 2,4-pentanediol
di(m-chloro benzoate), 2.4-pentanediol di(p-bromoben-
zoate), 2,4-pentanediol di(o-bromobenzoate), 2,4-pen-
tanediol di(p-methylbenzoate), 2,4-pentanediol di(p-t-butyl-
benzoate), 2,4-pentanediol di(p-butylbenzoate), 2-methyl-1,
3-pentanediol di(p-chlorobenzoate), 2-methyl-1,3-
pentanediol di(p-methylbenzoate), 2-butyl-1,3-pentanediol
di(p-methylbenzoate), 2-methyl-1,3-pentanediol di(p-t-bu-
tylbenzoate), 2-methyl-1,3-pentanediol neopentanoate,
2-methyl-1,3-pentanediol benzoate cinnamate, 2,2-dim-
ethyl-1,3-pentanediol dibenzoate, 2,2-dimethyl-1,3-pen-
tanediol benzoate cinnamate, 2-ethyl-1,3-pentanediol diben-
zoate, 2-butyl-1,3-pentanediol dibenzoate, 2-allyl-1,3-
pentanediol dibenzoate, 2-methyl-1,3-pentanediol
dibenzoate, 2-ethyl-1,3-pentanediol dibenzoate, 2-propyl-1,
3-pentanediol dibenzoate, 2-butyl-1,3-pentanediol diben-
zoate, 1,3-pentanediol di(p-chlorobenzoate), 1,3-pentanediol
di(m-chloro benzoate), 1,3-pentanediol di(p-bromoben-
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zoate), 1,3-pentanediol di(o-bromobenzoate), 1,3-pen-
tanediol di(p-methylbenzoate), 1,3-pentanediol di(p-t-butyl-
benzoate), 1,3-pentanediol di(p-butylbenzoate), 1,3-
pentanediol ~ benzoate  cinnamate, 1,3-pentanediol
dicinnamate, 1,3-pentanediol dipropionate, 2,2,4-trimethyl-
1,3-pentanediol diisopropylformate, 1-trifluoromethyl-3-
methyl-2,4-pentanediol dibenzoate, 2.4-pentanediol di-p-
fluoromethyl benzoate, 2,4-pentanediol di(2-furanformate),
2-methyl-6-heptene-2,4-heptanediol dibenzoate, 3-methyl-
6-heptene-2,4-heptanediol dibenzoate, 4-methyl-6-heptene-
2,4-heptanediol dibenzoate, 5-methyl-6-heptene-2,4-hep-
tanediol dibenzoate, 6-methyl-6-heptene-2,4-heptanediol
dibenzoate, 3-ethyl-6-heptene-2.4-heptanediol dibenzoate,
4-ethyl-6-heptene-2,4-heptanediol dibenzoate, 5S-ethyl-6-
heptene-2,4-heptanediol dibenzoate, 6-ethyl-6-heptene-2,4-
heptanediol dibenzoate, 3-propyl-6-heptene-2,4-heptanediol
dibenzoate, 4-propyl-6-heptene-2,4-heptanediol dibenzoate,
5-propyl-6-heptene-2,4-heptanediol dibenzoate, 6-propyl-6-
heptene-2,4-heptanediol dibenzoate, 3-butyl-6-heptene-2,4-
heptanediol dibenzoate, 4-butyl-6-heptene-2,4-heptanediol
dibenzoate, S5-butyl-6-heptene-2,4-heptanediol dibenzoate,
6-butyl-6-heptene-2,4-heptanediol  dibenzoate, 3,5-dim-
ethyl-6-heptene-2.,4-heptanediol dibenzoate, 3,5-diethyl-6-
heptene-2,4-heptanediol dibenzoate, 3,5-dipropyl-6-hep-
tene-2,4-heptanediol dibenzoate, 3,5-dibutyl-6-heptene-2,4-

heptanediol ~ dibenzoate,  3,3-dimethyl-6-heptene-2.4-
heptanediol dibenzoate, 3,3-diethyl-6-heptene-2,4-
heptanediol dibenzoate, 3,3-dipropyl-6-heptene-2,4-
heptanediol dibenzoate, 3,3-dibutyl-6-heptene-2,4-

heptanediol dibenzoate, 3-ethyl-3,5-heptanediol dibenzoate,
4-ethyl-3,5-heptanediol ~ dibenzoate, 3-propyl-3,5-hep-
tanediol dibenzoate, 4-propyl-3,5-heptanediol dibenzoate,
3-butyl-3,5-heptanediol dibenzoate, 2,3-dimethyl-3,5-hep-
tanediol dibenzoate, 2,4-dimethyl-3,5-heptanediol diben-
zoate, 2,5-dimethyl-3,5-heptanediol dibenzoate, 4,4-dim-
ethyl-3,5-heptanediol dibenzoate, 4,5-dimethyl-3,5-
heptanediol ~ dibenzoate,  4,6-dimethyl-3,5-heptanediol
dibenzoate, 6,6-dimethyl-3,5-heptanediol dibenzoate, 2-me-
thyl-3-ethyl-3,5-heptanediol dibenzoate, 2-methyl-4-ethyl-
3,5-heptanediol  dibenzoate, 2-methyl-5-ethyl-3,5-hep-
tanediol  dibenzoate, 3-methyl-4-ethyl-3,5-heptanediol
dibenzoate, 3-methyl-5-ethyl-3,5-heptanediol dibenzoate,
4-methyl-3-ethyl-3,5-heptanediol dibenzoate, 4-methyl-4-
ethyl-3,5-heptanediol dibenzoate, 9,9-bis(benzoyloxym-
ethyD)fluorene, 9,9-bis((m-methoxybenzoyloxy)methyl)
fluorene, 9,9-bis((m-chlorobenzoyloxy)methyl)fluorene,
9,9-bis((p-chlorobenzoyloxy)methyl)fluorene, 9,9-bis(cin-
namoyloxymethyl)fluorene, 9-(benzoyloxymethyl)-9-(pro-
pylcarboxylmethyl)fluorene, 9,9-bis(propylcarboxylmethyl)
fluorene, 9,9-bis(acryloxymethyl)fluorene, and 9,9-bis
(neopentylcarboxylmethyl)fluorene. The dihydric alcohol
esters as above listed may be commercially available, or can
be synthesized by the method as disclosed in CN 1436796 A.

The diethers may be chosen from compounds of formula
Iv):

av)

Ry Ry
Ry O—Rys
R
23 0—R,
Ros Ry
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wherein, R,y and R,,, which may be identical or different,
may be independent of each other, chosen from linear and
branched C,-C,, alkyl, C;-C,, cycloalkyl, C4-C,, aryl and
C,-C,, arylalkyl; R,-R, 5, which may be identical or difter-
ent, may be independent of each other, chosen from hydro-
gen, halogen, linear or branched C,-C,, alkyl, C;-C,,
cycloalkyl, C4-C,, aryl, and C,-C,, arylalkyl; or two or more
of R?°-R?* are linked to form a ring structure. In one embodi-
ment, R, and R, which are identical or different, are inde-
pendent of each other, chosen from linear and branched
C,-C,palkyl; R,o, R5;, R, and R, are all hydrogen; R, and
R,;, which are identical or different, are independent of each
other, chosen from linear and branched C,-C, 5 alkyl, C;-C ¢
cycloalkyl, C4-C, 4 aryl, and C,-C, ¢ arylalkyl; or R,, and R,
are linked to form a ring structure.

As disclosed herein, the diethers may be, for example, one
or more chosen from 2-(2-ethylhexyl)-1,3-dimethoxypro-
pane, 2-isopropyl-1,3-dimethoxypropane,  2-butyl-1,3-
dimethoxypropane, 2-sec-butyl-1,3-dimethoxypropane,
2-cyclohexyl-1,3-dimethoxypropane, 2-phenyl-1,3-
dimethoxypropane,  2-(2-phenylethyl)-1,3-dimethoxypro-
pane, 2-(2-cyclohexylethyl)-1,3-dimethoxypropane, 2-(p-
chlorophenyl)-1,3-dimethoxypropane, 2-(diphenylmethyl)-
1,3-dimethoxypropane, 2,2-dicyclohexyl-1,3-
dimethoxypropane, 2,2-dicyclopentyl-1,3-
dimethoxypropane, 2,2-diethyl-1,3-dimethoxypropane, 2,2-
dipropyl-1,3-dimethoxypropane, 2,2-diisopropyl-1,3-
dimethoxypropane, 2,2-dibutyl-1,3-dimethoxypropane,
2-methyl-2-propyl-1,3-dimethoxypropane, 2-methyl-2-ben-
zyl-1,3-dimethoxypropane, 2-methyl-2-ethyl-1,3-dimethox-
ypropane, 2-methyl-2-isopropyl-1,3-dimethoxypropane,
2-methyl-2-phenyl-1,3-dimethoxypropane, 2-methyl-2-cy-
clohexyl-1,3-dimethoxypropane, 2,2-bis(2-cyclohexyl-
ethyl)-1,3-dimethoxypropane, 2-methyl-2-isobutyl-1,3-

dimethoxypropane, 2-methyl-2-(2-ethylhexyl)-1,3-
dimethoxypropane, 2,2-diisobutyl-1,3-dimethoxypropane,
2,2-diphenyl-1,3-dimethoxypropane, 2,2-dibenzyl-1,3-
dimethoxypropane, 2,2-bis(cyclohexylmethyl)-1,3-
dimethoxypropane, 2-isobutyl-2-isopropyl-1,3-dimethox-
ypropane, 2-(1-methylbutyl)-2-isopropyl-1,3-
dimethoxypropane, 2-isopropyl-2-isopentyl-1,3-
dimethoxypropane, 2-phenyl-2-isopropyl-1,3-
dimethoxypropane, 2-phenyl-2-sec-butyl-1,3-
dimethoxypropane, 2-benzyl-2-isopropyl-1,3-
dimethoxypropane, 2-cyclopentyl-2-isopropyl-1,3-
dimethoxypropane, 2-cyclopentyl-2-sec-butyl-1,3-
dimethoxypropane, 2-cyclohexyl-2-isopropyl-1,3-
dimethoxypropane, 2-cyclohexyl-2-sec-butyl-1,3-
dimethoxypropane, 2-isopropyl-2-sec-butyl-1,3-
dimethoxypropane, 2-cyclohexyl-2-cyclohexylmethyl-1,3-
dimethoxypropane, and 9,9-dimethoxymethylfluorene. In

one embodiment, the diethers are one or more chosen from
2-isopropyl-2-isopentyl-1,3-dimethoxypropane and 9,9-
dimethoxymethylfluorene.

Further disclosed herein is a catalyst comprising the cata-
lyst component for olefin polymerization. The catalyst com-
prises: (1) the catalyst component disclosed herein for olefin
polymerization; (2) at least one alkyl aluminum compound;
and (3) optionally at least one external electron donor com-
pound.

The catalyst for olefin polymerization disclosed herein
comprises the catalyst component for olefin polymerization
discloses herein. Then, the catalyst for olefin polymerization
disclosed herein, in the form of particles having smooth sur-
face and regular morphology, can have relatively strong anti-
breaking property during polymerization when used as a cata-
lyst for olefin polymerization, can exhibit not only relatively
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high polymerization activity, but also excellent hydrogen sen-
sitivity and high stereospecificity, and can lead to the forma-
tion of polymer particles with good morphology. Therefore,
there are not special limitations to the types and amounts of
the alkyl aluminum compound and the external electron
donor compound used in the catalyst for olefin polymeriza-
tion disclosed herein.

The alkyl aluminum compound can be any alkyl aluminum
compound as commonly used in the art. For example, the
alkyl aluminum compound may be one or more chosen from
triethyl aluminum, triisobutyl aluminum, tri-n-butyl alumi-
num, tri-n-hexyl aluminum, monochloro diethyl aluminum,
monochloro diisobutyl aluminum, monochloro di-n-butyl
aluminum, monochloro di-n-hexyl aluminum, dichloro
monoethyl aluminum, dichloro monoisobutyl aluminum,
dichloro mono-n-butyl aluminum and dichloro mono-n-
hexyl aluminum.

The external electron donor compound may be any exter-
nal electron donor compound as commonly used in the art.
For example, the external electron donor compound may be
one or more chosen from carboxylic acid, anhydrides, esters,
ketones, ethers, alcohols, organic phosphorus compounds
and organic silicon compounds. Preferably, the external elec-
tron donor compound is an organic silicon compound.
Examples of the organic silicon compound may include, but
not limited to, cyclohexylmethyldimethoxy silane, diisopro-
pyldimethoxy silane, di-n-butyldimethoxy silane, diisobu-
tyldimethoxy silane, diphenyldimethoxy silane, methyl-t-bu-
tyldimethoxy silane, dicyclopentyldimethoxy silane,
2-ethylpiperidinyl-2-t-butyldimethoxy silane, (1,1,1-trif-
Iuoro-2-propyl)-2-ethylpiperidinyldimethoxy silane and
(1,1,1-trifluoro-2-propyl)-methyldimethoxy silane.

In the catalyst for olefin polymerization, the molar ratio of
the catalyst component for olefin polymerization measured as
the titanium element to the alkyl aluminum compound mea-
sured as the aluminum element is 1:1-1:2000, such as 1:10-
1:500, further such as 1:20-1:500, even further such as 1:20-
1:400; the molar ratio of the external electron donor
compound to the alkyl aluminum compound measured as the
aluminum element is 1:2-1:200, such as 1:2.5-1:100, further
such as 1:10-1:80.

Further disclosed herein is a process for preparing the
magnesium halide adduct. The process for preparing, for
example, the spherical magnesium halide adduct may com-
prise:

(1) mixing at least one compound of the formula MgXY, at
least one compound of the formula ROH and optionally
at least one inert liquid medium, and heating the result-
ant mixture under stirring to obtain a melt of magnesium
halide adduct;

(2) adding the melt of magnesium halide adduct, after shear
dispersion, to at least one cooling medium, to form
spherical solid particles;

(3) allowing the spherical solid particles and dimethox-
ypropane to carry out a contact reaction in at least one
first inert dispersing medium; and

(4) allowing the product obtained from the contact reaction
of step (3) to carry out a contact reaction with at least one
compound chosen from DOE and o-hydroxy benzoate in
at least one second inert dispersing medium, to obtain
the spherical magnesium halide adduct;

wherein, the compound of the formula MgXY, the com-
pound of the formula ROH, DOE and o-hydroxy ben-
zoate are all as defined above.

In the process for preparing the spherical magnesium

halide adduct, in the step (1), the amounts of the compound of
the formula MgXY and the compound of the formula ROH



US 9,068,026 B2

13

may be suitably selected according to the proportions of
various components in the spherical magnesium halide
adduct. For example, the molar ratio of the amount of the
compound of the formula MgXY to the amount of the com-
pound of the formula ROH ranges from 1:1-1:8, such as from
1:2-1:6. The compound of the formula MgXY and the com-
pound of the formula ROH are as defined above.

In the process for preparing the spherical magnesium
halide adduct, in the step (1), the purpose of heating is for
enabling the magnesium halide, alcohol and inert liquid
medium to form a melt of adduct of magnesium halide and
alcohol. The heating conditions are not limited, and may be
determined according to the magnesium halide compound
used. In some embodiments, the heating conditions may
include: a heating temperature above 80° C., and a heating
time above 1 h. According to one embodiment, the heating
conditions include: the heating temperature ranging from
100-140° C., and the heating time ranging from 1-5 h.

In the process for preparing the spherical magnesium
halide adduct, the inert liquid medium used in the step (1)
may be any liquid medium as commonly used in the art that
does not undergo chemical reactions with the spherical mag-
nesium halide adduct; the inert liquid medium may comprise
at least one compound chosen, for example, from organic
silicon compounds and aliphatic hydrocarbon compounds. In
some embodiments, the inert liquid medium may be one or
more chosen from n-pentane, n-hexane, n-heptane, petro-
leum ether, gasoline, methylsilicone oil, ethylsilicone oil,
methylethylsilicone oil, phenylsilicone oil, methylphenylsili-
cone oil, kerosene, paraffin oil, vaseline and white oil. In
some embodiments, the inert liquid medium may be one or
more chosen from white oil and silicone oil. There is no
special limitation to the amount of the inert liquid medium
used in the process. In some embodiments, the inert liquid
medium is used in an amount of 0.8-10 L relative to 1 mole of
the at least one compound of formula MgXY (i.e., magne-
sium halide added in the step (1)) measured as the magnesium
element.

In the process for preparing the spherical magnesium
halide adduct, in the step (2), the shear dispersion may be
conducted by using a conventional method, for example, the
high speed stirring method as disclosed in CN1330086C (i.e.,
stirring the magnesium halide adduct in an inert liquid
medium at a speed of 2000-5000 rpm); the dispersion by
rotating a mixture of magnesium halide adduct and inert
liquid medium in a high gravity bed as disclosed in
CN1267508C (the rotation speed may be ranging from 1000-
3000 rpm); the output of a mixture of magnesium halide
adduct and silicone oil and white oil with an emulsifying
apparatus at a speed of 1500-8000 rpm as disclosed in
CN1463990A; and/or the emulsification of a mixture con-
taining magnesium halide adduct by using a spraying method
as disclosed in U.S. Pat. No. 6,020,279.

In the process for preparing the spherical magnesium
halide adduct, in the step (2), adding the melt of magnesium
halide adduct, after shear dispersion, to at least one cooling
medium can serve the purpose of quenching the melt of
magnesium halide adduct to form spherical solid particles. As
disclosed herein, the cooling medium is chosen, for example,
from inert hydrocarbon solvents, such as low boiling inert
hydrocarbon solvents, for example, one or more chosen from
pentane, hexane, heptane, gasoline and petroleum ether. The
temperature of the cooling medium may range, for example,
from -40° C. to 0° C., such as from -30° C. to -10° C.

In the process for preparing the spherical magnesium
halide adduct, after the quenching and before allowing the
spherical solid particles and dimethoxypropane to carry out
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the contact reaction, the process for preparing the spherical
magnesium halide adduct further comprises, for example,
washing the solid particles obtained from the quenching with
at least one first inert organic solvent for 1-10 times. The first
inert organic solvent may be, for example, one or more chosen
from pentane, hexane, heptane, gasoline and petroleum ether.

In the process for preparing the spherical magnesium
halide adduct, there is no special limitation to the conditions
of'the contact reaction in step (3). For example, the conditions
of the contact reaction are as follows: the reaction tempera-
ture ranges from 40-65° C., such as from 45-60° C.; the
reaction time ranges from 1-5 h, such as from 2-4 h; inrelative
to 1 mole ofthe compound of the formula MgXY measured as
the magnesium element (i.e., magnesium halide as added in
step (1)), the amount of dimethoxypropane added in step (3)
ranges from 0.1-1.5 moles, such as from 0.2-1 mole. Under
the above contact reaction conditions, the morphology of the
spherical magnesium halide adduct as finally prepared can be
further improved.

In the process for preparing the spherical magnesium
halide adduct, the first inert dispersing medium in step (3)
may be, for example, one or more chosen from pentane,
hexane and heptane.

In the process for preparing the magnesium halide adduct,
in order to obtain spherical particles of the magnesium halide
adduct, the process may further comprise filtering the product
obtained after the contact reaction of step (3), and washing it
with at least one second inert organic solvent for 1-10 times.
The second inert organic solvent may be identical to or dif-
ferent from the aforesaid first inert organic solvent.

In the process for preparing the spherical magnesium
halide adduct, there is no special limitation to the conditions
of'the contact reaction in step (4), as long as they are capable
of forming the spherical magnesium halide adduct. For
example, the conditions of the contact reaction are as follows:
the reaction temperature ranges from 40-65° C., such as from
45-60° C.; the reaction time ranges from 1-5 h, such as from
2-4 h. In the case of contacting the product, which is obtained
from the contact reaction of the spherical magnesium halide
adduct particles and dimethoxypropane, with a polyol ester
DOE, the molar ratio of the polyol ester DOE to the com-
pound of the formula MgXY may be ranging from 0.01:1-
0.5:1, such as from 0.02:1-0.2:1. In the case of contacting the
product, which is obtained from the contact reaction of the
spherical magnesium halide adduct particles and dimethox-
ypropane, with o-hydroxy benzoate, the molar ratio of the
o-hydroxy benzoate to the compound of the formula MgXY
may be ranging from 0.001:1-0.05:1, such as from 0.002:1-
0.04:1. In some embodiments, the polyol ester DOE is chosen
from polyol esters of the above formula (I), such as diol esters
represented by the above formula (Ia).

In the process for preparing the spherical magnesium
halide adduct, there is no special limitation to the second inert
dispersing medium in step (4), as long as it is capable of
dissolving the polyol ester DOE or o-hydroxy benzoate. The
second inert dispersing medium may be identical to or differ-
ent from the first inert medium used in step (3). The first and
second inert dispersing media may be independently, for
example, one or more chosen from pentane, hexane and hep-
tane.

In the process for preparing the magnesium halide adduct,
in order to obtain spherical particles of the magnesium halide
adduct, the process may further comprise filtering the product
obtained after the contact reaction of step (4), washing it with
atleast one third inert organic solvent for 1-10 times, and then
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drying. The third inert organic solvent may be identical to or
different from the aforesaid first or second inert organic sol-
vent.

Further disclosed herein is a process for preparing the
catalyst component. The catalyst component is prepared by
the following step on the basis of, for example, the spherical
magnesium halide adduct as obtained above:

(5) reacting the spherical magnesium halide adduct with at
least one titanium compound, and adding at least one
internal electron donor compound before, during and/or
after the reaction of the spherical magnesium halide
adduct with the titanium compound. The suitable inter-
nal electron donor compound includes those as
described above.

In the process for preparing the catalyst component useful
for olefin polymerization, steps (1) through (4) are identical
with steps (1) through (4) in the process for preparing the
spherical magnesium halide adduct as described above.

In the process for preparing the catalyst component useful
for olefin polymerization, the reaction of the spherical mag-
nesium halide adduct with the titanium compound in step (5)
can be carried out according to the methods as described in
the art. In some embodiments, for example, in step (5), the
reaction of the spherical magnesium halide adduct with the
titanium compound comprises: cooling the titanium com-
pound till below 0° C. (such as cooling to a temperature
ranging from -5° C. to -25° C.), adding the spherical mag-
nesium halide adduct obtained in step (4), mixing under stir-
ring at this temperature for 10-60 min, then increasing the
temperature to the reaction temperature (i.e., about 80-130°
C.), and maintaining at this reaction temperature for 0.5-10h.
Inthe process for preparing the catalyst component useful for
olefin polymerization, the internal electron donor compound
is added before, during and/or after the reaction of the spheri-
cal magnesium halide adduct with the titanium compound,
such as before the reaction of the spherical magnesium halide
adduct with the titanium compound. Adding the internal elec-
tron donor compound before the reaction of the spherical
magnesium halide adduct with the titanium compound refers
to adding the internal electron donor compound within the
time period between adding the spherical magnesium halide
adduct to the reactor and increasing the temperature to the
reaction temperature.

In the process for preparing the catalyst component useful
for olefin polymerization, in step (5), the molar ratio of the
spherical magnesium halide adduct measured as the magne-
sium element, the titanium compound measured as the tita-
nium element, and the internal electron donor compound may
be 1:(20-150):(0.005-1), such as 1:(30-120):(0.01-0.6).

In the process for preparing the catalyst component useful
for olefin polymerization, the titanium compound and the
internal electron donor compound are as described above,
respectively.

Further disclosed herein is use of the catalyst component in
a catalyst for olefin polymerization.

Even further disclosed herein is use of the catalyst in olefin
polymerization.

Even further disclosed herein is a process of olefin poly-
merization, comprising: contacting at least one olefin with the
catalyst prepared according to the present disclosure under
olefin polymerization conditions, wherein the catalyst com-
prises: (1) the catalyst component disclosed herein for olefin
polymerization; (2) at least one alkyl aluminum compound;
and (3) optionally at least one external electron donor com-
pound.

According to the process of olefin polymerization dis-
closed herein, a polymer having excellent particle morphol-
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ogy can be prepared by using the catalyst for olefin polymer-
ization disclosed herein. There is no special limitation to the
olefin polymerization conditions and the olefin used in the
process of olefin polymerization disclosed herein.

The at least one olefin may be, for example, chosen from
ethylene, propylene, 1-butene, 2-butene, 2-methyl-1-butene,
3-methyl-1-butene, 2-methyl-2-butene, 1-pentene, 2-pen-
tene, 1-hexene and styrene, such as chosen from ethylene,
propylene, 1-butene, 2-butene and styrene.

According to the process of olefin polymerization dis-
closed herein, the olefin polymerization can be carried out in
accordance with a conventional method in the art. For
example, the olefin polymerization can be bulk polymeriza-
tion, gas phase polymerization or slurry polymerization.
According to the process of olefin polymerization disclosed
herein, the olefin polymerization conditions can be conven-
tional conditions in the art. For example, the polymerization
temperature may be ranging from 0-150° C., such as from
60-90° C.; the polymerization pressure may be a normal
pressure or an elevated pressure.

The following examples are provided to further illustrate
the present disclosure. However, it should be understood that
these examples are only used for illustrating and interpreting
the present disclosure, but are not used for limiting the present
disclosure.

EXAMPLES
Part I: Using DOE as a Modifying Agent
Example 1

This example is intended to illustrate the catalyst compo-
nent for olefin polymerization and its preparation process as
well as the catalyst for olefin polymerization and its use
disclosed herein.

(1) Preparation of Spherical Magnesium Chloride Adduct

In a 300 L autoclave, 90 L white oil, 90 L silicone oil, 9.0
kg (94.7 mol) magnesium chloride and 14.5 L. (249.0 mol)
ethanol were added, heated under stirring up to 125° C., and
further stirred at this temperature for 2.5 h. Thereafter, the
resulting mixed liquid was transferred via a high gravity
rotation bed to hexane that had been previously cooled down
to =30° C. After removing the liquid by filtration, the filter
cake was washed with hexane for 5 times, and dried under
vacuum at 40° C. for 2 h, to obtain 18 kg of'a solid substance
(i.e., an alcohol adduct of magnesium chloride).

In a 1.6 L reactor, 900 mL hexane, and 90 g of the solid
substance as above prepared were added, followed by the
addition of a solution of 45 ml dimethoxypropane dissolved
in 180 ml hexane (the content of dimethoxypropane therein
was 0.37 mol). Then, the system was heated up to 60° C., and
allowed to react under stirring at this temperature for 3 h. The
reaction product was subjected to filter pressing. The filter
cake was washed twice with hexane, to which 800 ml hexane
and then 8 ml 2,4-pentanediol dibenzoate dissolved in 100 ml
hexane were added. Then, the system was heated up to 60° C.,
and allowed to react at this temperature under stirring for 2 h.
The reaction product was subjected to filter pressing. The
filter cake was washed with hexane for 5 times, and then dried
at 60° C. for 4 h, to obtain a spherical magnesium chloride
adduct.

The Mg content in the spherical magnesium chloride
adduct was measured according to compleximetry, and the
contents of ethanol, methanol and 2,4-pentanediol diben-
zoate in the spherical magnesium chloride adduct were
respectively measured according to liquid chromatography.
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The results showed that the molar ratio of magnesium chlo-
ride, ethanol, methanol and 2,4-pentanediol dibenzoate in the
spherical magnesium chloride adduct was 1:1.6:0.6:0.0005.
As measured using a Mastersizer 2000 laser granulometer (as
manufactured by Malvern Instruments [td), the average
diameter of the magnesium chloride adduct particle was 43
pm.
(2) Preparation of the Catalyst Component for Olefin Poly-
merization

In a 2000 mL glass reaction bottle, 500 ml titanium tetra-
chloride was added and cooled down to =20° C., to which 40
g of the magnesium chloride adduct as prepared in step (1) of
Example 1 was added. Then, the system was heated up to
110° C., during which 6.5 mL of 2,4-pentanediol dibenzoate
and 6.5 mL of 2-isopropyl-2-isopentyl-1,3-dimethoxypro-
pane were added. After maintaining at 110° C. for 30 min, the
liquid was removed by filtration. The filter cake was washed
twice with titanium tetrachloride, and washed with hexane for
5 times, and then dried under vacuum at 40° C. for 2 h, to
obtain a catalyst component C1 for olefin polymerization.
The content of Ti element in the catalyst component was
measured according to spectrophotography by using a grating
spectrophotometer; the content of Mg element in the catalyst
component was measured according to compleximetry; and
the contents of 2,4-pentanediol dibenzoate and 2-isopropyl-
2-isopentyl-1,3-dimethoxypropane in the catalyst compo-
nent were respectively measured according to liquid chroma-
tography. The results showed that the mass ratio of Ti, Mg,
2,4-pentanediol dibenzoate and 2-isopropyl-2-isopentyl-1,3-
dimethoxypropane in the catalyst component was 1:4.5:3.1:
1.2. As observed using a Nikon Eclipse E200 type optical
microscope-JVC color video camera, the optical micropho-
tograph of the catalyst component C1 was shown in FIG. 3.
(3) Polymerization of Propylene

Ina 5L autoclave, after sweeping with a N, stream, 1 mL
of a solution of triethylaluminum in hexane (the concentra-
tion of triethylaluminum was 0.5 mmol/mL), 0.1 mL of a
solution of cyclohexylmethyldimethoxy silane (CHMMS) in
hexane (the concentration of CHMMS was 0.1 mmol/mL.), 10
ml of anhydrous hexane and 4 mg of the catalyst component
C1 were introduced in the N, stream. After closing the auto-
clave, 2.0 ofhydrogen (standard volume) and 2.3 L. of liquid
propylene were added, heated up to 70° C., and allowed to
react at this temperature for 1 h.

Example 2

The preparation of the magnesium chloride adduct and of
the catalyst component for olefin polymerization, and the
polymerization of propylene were carried out according to
the same processes as described in Example 1, except for that
the amount of hydrogen added during the polymerization of
propylene was 6.5 L.

Comparative Example 1

(1) Preparation of Magnesium Chloride Adduct

In a 300 L autoclave, 90 L white oil, 90 L silicone oil, 9.0
kg magnesium chloride and 14.5 L. ethanol were added,
heated under stirring up to 125° C., and further stirred at this
temperature for 2.5 h. Thereafter, the resulting mixed liquid
was transferred via a high gravity rotation bed to hexane that
had been previously cooled down to —30° C. After removing
the liquid by filtration, the filter cake was washed with hexane
for 5 times, and dried to obtain 18 kg of a solid substance (i.e.,
an alcohol adduct of magnesium chloride).
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(2) Preparation of the Catalyst Component for Olefin Poly-
merization

The catalyst component for olefin polymerization was pre-
pared using the same process as described in Example 1,
except for that the magnesium chloride adduct as prepared in
step (1) of Comparative Example 1 was used to obtain a
catalyst component DC1.
(3) Polymerization of Propylene

The polymerization of propylene was carried out using the
same process as described in Example 1, except for that the
catalyst component as prepared in step (2) of Comparative
Example 1 was used.

Comparative Example 2

The preparation of the magnesium chloride adduct and of
the catalyst component for olefin polymerization, and the
polymerization of propylene were carried out according to
the same processes as described in Comparative Example 1,
except for that the amount of hydrogen added during the
polymerization of propylene was 6.5 L.

Example 3

This example is intended to illustrate the catalyst compo-
nent for olefin polymerization and its preparation process as
well as its use in olefin polymerization as provided in the
present invention.

(1) Preparation of Magnesium Chloride Adduct

The magnesium chloride adduct was prepared using the
same process as described in Example 1, except for that the
amount of dimethoxypropane was 10 mL.

The Mg content in the spherical magnesium chloride
adduct was measured according to compleximetry, and the
contents of ethanol, methanol and 2,4-pentanediol diben-
zoate in the spherical magnesium chloride adduct were
respectively measured according to liquid chromatography.
The results showed that the molar ratio of magnesium chlo-
ride, ethanol, methanol and 2,4-pentanediol dibenzoate in the
spherical magnesium chloride adduct was 1:2.2:0.2:0.0002.
As measured using a Mastersizer 2000 laser granulometer (as
manufactured by Malvern Instruments [.td), the average
diameter of the magnesium chloride adduct particle was 43
pm.

(2) Preparation of the Catalyst Component for Olefin Poly-
merization

The catalyst component for olefin polymerization was pre-
pared using the same process as described in Example 1,
except for that the magnesium chloride adduct as prepared in
step (1) of Example 3 was used to obtain a catalyst component
C2. The content of Ti element in the catalyst component was
measured according to spectrophotography by using a grating
spectrophotometer; the content of Mg element in the catalyst
component was measured according to compleximetry; and
the contents of 2,4-pentanediol dibenzoate and 2-isopropyl-
2-isopentyl-1,3-dimethoxypropane in the catalyst compo-
nent were respectively measured according to liquid chroma-
tography. The results showed that the mass ratio of Ti, Mg,
2,4-pentanediol dibenzoate and 2-isopropyl-2-isopentyl-1,3-
dimethoxypropane in the catalyst component was 1:7.2:3.6:
2.

(3) Polymerization of Propylene

The polymerization of propylene was carried out using the
same process as described in Example 1, except for that the
catalyst component as prepared in step (2) of Example 3 was
used.
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Example 4

The preparation of the magnesium chloride adduct and of
the catalyst component for olefin polymerization, and the
polymerization of propylene were carried out according to
the same processes as described in Example 3, except for that
the amount of hydrogen added during the polymerization of
propylene was 6.5 L.

Test Example 1

Using a Nikon Eclipse E200 type optical microscope-JVC
color video camera, the magnesium chloride adducts as pre-
pared in Example 1 and Comparative Example 1 were
observed. The optical microphotograph of the magnesium
chloride adduct as prepared in Example 1 was shown in FIG.
1, and the optical microphotograph of the magnesium chlo-
ride adduct as prepared in Comparative Example 1 was shown
in FIG. 2.

As can be seen from FIG. 1 and FIG. 2, the particles of the
magnesium chloride adduct as prepared in Example 1 were
featured with a regular morphology, an essentially spherical
shape, and a relatively narrow particle size distribution, and
were essentially free of non-spherical particles or obvious
broken particles, whereas the particles of the magnesium
chloride adduct as prepared in Comparative Example 1
included obvious broken particles.

Test Example 2

(1) Melt index (M1) of polymer was measured according to
the method of ASTM D1238-99.

(2) Isotacticity of polymer was measured by a heptane
extraction method carried out as follows: 2 g of a dry polymer
sample was extracted with boiling heptane in an extractor for
6 h, then the residual substance was dried to a constant
weight. The ratio of the weight of the residual polymer (g) to
2 g of the dry polymer sample was regarded as isotacticity.

The results as obtained according to the above methods are
shown in the below Table 1.

TABLE 1
Amount MI of
of Activity Isotacticity of  polymer
Catalyst component  H, (L) (kgPP/gcat)  polymer (%) (g/10 min)
Catalyst component 2.0 100 98.1 7
C1 6.5 118 97.1 60
Catalyst component 2.0 123 98.5 4
DC1 6.5 134 96.9 50
Catalyst component 2.0 114 98.3 5
Cc2 6.5 110 97.0 59

As can be seen from the data in Table 1, the catalyst, which
was prepared by using the magnesium chloride adduct pre-
pared according to the process of the present invention as a
catalyst support, had a relatively good hydrogen sensitivity in
polymerization of propylene. Specifically, by comparing the
melting indexes of the polymers as prepared from the poly-
merization of propylene using the catalyst components C1
and C2 with the melting index of the polymer as prepared
from the polymerization of propylene using the catalyst com-
ponent DC1, it could be seen that the catalyst components C1
and C2 resulted in a better hydrogen sensitivity than the
catalyst component DC1.
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Test Example 3

The polymers as prepared in Example 1 and Comparative
Example 1 were screened, the results being given below in
Table 2.

The screen adopted in this test example was a national
standard screen having the following specification:

10 screen mesh corresponding to sieve pore size 1.651 mm,

20 screen mesh corresponding to sieve pore size 0.850 mm,

40 screen mesh corresponding to sieve pore size 0.425 mm,
60 screen mesh corresponding to sieve pore size 0.250 mm,
80 screen mesh corresponding to sieve pore size 0.180 mm,
100 screen mesh corresponding to sieve pore size 0.150
mm,
TABLE 2
Ex- >10  10-20  20-40  40-60  60-80  80-100 <100
am- meshes meshes meshes meshes meshes meshes meshes
ple (Wt %) (wt%) (wt%) (wt%) (wt%) (wt%) (wt%)
Ex- 451 482 5.1 0.7 0.4 0.1 0.3
am-
plel
Com- 3589 347 3.7 12 0.8 0.3 0.4
par-
ative
Ex-
am-
plel
As can be seen from the data in Table 2, the propylene

polymer, as prepared during the polymerization of propylene
in the presence of the catalyst which was prepared by using
the magnesium chloride adduct according to the present
invention as a catalyst support, had a relatively low content of
fine powder (the particles having a particle size of above 80
meshes were generally regarded as fine powders). Clearly, the
catalyst as prepared using the magnesium chloride adduct
provided by the present invention was not easy to break, and
thereby resulted in a relatively good anti-breaking property.
Part II: Using o-Hydroxy Benzoate as a Modifying Agent

Example 5

This example is used to illustrate the catalyst component
for olefin polymerization and its preparation process as well
as the catalyst for olefin polymerization and its use as pro-
vided in the present invention.

(1) Preparation of Spherical Magnesium Chloride Adduct

In a 300 L autoclave, 90 L white oil, 90 L silicone oil, 9.0
kg magnesium chloride and 14.5 L (249.0 mol) ethanol were
added, heated under stirring up to 125° C., and further stirred
at this temperature for 2.5 h. Thereafter, the resulting mixed
liquid was transferred, after sufficient shear dispersion with a
high gravity rotation bed, to hexane that had been previously
cooled down to -30° C. After removing the liquid by filtra-
tion, the solid was washed with hexane for 5 times, and dried
to obtain 18 kg of a solid substance (i.e., an alcohol adduct of
magnesium chloride).

In a 1.6 L reactor, 900 mL hexane, and 90 g of the solid
substance as above prepared were added, followed by the
addition of a solution of 45 ml dimethoxypropane dissolved
in 180 ml hexane (the content of dimethoxypropane therein
was 0.37 mol). Then, the system was heated up to 60° C., and
allowed to react under stirring at this temperature for 3 h. The
reaction product was subjected to filter pressing, and the filter
cake was washed twice with hexane. The washed solid sub-
stance was put in a reactor, to which 800 ml hexane and then
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7 ml ethyl o-hydroxy benzoate dissolved in 100 ml hexane
(the content of ethyl o-hydroxy benzoate was 0.048 mol)
were added. Then, the system was heated up to 60° C., and
allowed to react at this temperature for 2 h. The reaction
product was subjected to filter pressing. The filter cake was
washed with hexane for 5 times, and then dried to obtain a
spherical magnesium chloride adduct.

The Mg content in the spherical magnesium chloride
adduct was measured according to compleximetry, and the
contents of ethanol, methanol and ethyl o-hydroxy benzoate
in the spherical magnesium chloride adduct were respectively
measured according to liquid chromatography. The results
showed that the molar ratio of magnesium chloride, ethanol,
methanol and ethyl o-hydroxy benzoate in the spherical mag-
nesium chloride adduct was 1:2.1:0.7:0.005. As measured
using a Mastersizer 2000 laser granulometer (as manufac-
tured by Malvern Instruments Ltd), the average diameter of
the spherical magnesium chloride adduct particle was 40 um.
(2) Preparation of the Catalyst Component for Olefin Poly-
merization

In a 2000 mL glass reaction bottle, 500 ml titanium tetra-
chloride was added and cooled down to =20° C., to which 40
g of the magnesium chloride adduct as prepared in step (1) of
Example 5 was added, followed by stirring at -20° C. for 30
min. Then, the system was slowly heated up to 110° C., during
which 7.5 mL of diisobutyl phthalate was added. After main-
taining at 110° C. for 30 min, the liquid was removed by
filtration. The filter cake was washed twice with titanium
tetrachloride, and washed with hexane for 5 times, and then
dried to obtain a catalyst component C3 for olefin polymer-
ization. The content of Ti element in the catalyst component
was measured according to spectrophotography by using a
grating spectrophotometer; the content of Mg element in the
catalyst component was measured according to complexim-
etry; and the content of diisobutyl phthalate in the catalyst
component was measured according to liquid chromatogra-
phy. The results showed that the mass ratio of Ti, Mg and
diisobutyl phthalate in the catalyst component was 1:7.5:5.2.
(3) Polymerization of Propylene

Ina 5L autoclave, after sweeping with a N, stream, 5 mL
of a solution of triethylaluminum in hexane (the concentra-
tion of triethylaluminum was 0.5 mmol/mL), 1 mL of a solu-
tion of cyclohexylmethyldimethoxy silane (CHMMS) in hex-
ane (the concentration of CHMMS was 0.1 mmol/mL), 10
ml of anhydrous hexane and 8 mg of the catalyst component
C3 were introduced in the N, stream. After closing the auto-
clave, 1.5 ofhydrogen (standard volume) and 2.3 L. of liquid
propylene were added, heated up to 70° C., and allowed to
react at this temperature for 1 h.

Example 6

The preparation of the magnesium chloride adduct and of
the catalyst component for olefin polymerization, and the
polymerization of propylene were carried out according to
the same processes as described in Example 5, except for that
the amount of hydrogen added during the polymerization of
propylene was 5.0 L.

Comparative Example 3

(1) Preparation of Magnesium Chloride Adduct

In a 300 L autoclave, 90 L white oil, 90 L silicone oil, 9.0
kg magnesium chloride, 14.5 L. ethanol and 1.8 L (14.7 mol)
dimethoxypropane were added, heated under stirring up to
125° C., and further stirred at this temperature for 2.5 h.
Thereafter, the resulting mixed liquid was transferred, after
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sufficient shear dispersion with a high gravity rotation bed, to
hexane thathad been previously cooled down to =30° C. After
removing the liquid by filtration, the filter cake was washed
with hexane for 5 times, and dried to obtain a magnesium
chloride adduct.
(2) Preparation of the Catalyst Component for Olefin Poly-
merization

The catalyst component for olefin polymerization was pre-
pared using the same process as described in Example 5,
except for that the magnesium chloride adduct as prepared in
step (1) of Comparative Example 3 was used to obtain a
catalyst component DC2.
(3) Polymerization of Propylene

The polymerization of propylene was carried out using the
same process as described in Example 5.

Comparative Example 4

The preparation of the magnesium chloride adduct and of
the catalyst component for olefin polymerization, and the
polymerization of propylene were carried out according to
the same processes as described in Comparative Example 3,
except for that the amount of hydrogen added during the
polymerization of propylene was 5.0 L.

Comparative Example 5

(1) Preparation of Magnesium Chloride Adduct

In a 300 L autoclave, 90 L white oil, 90 L silicone oil, 9.0
kg magnesium chloride and 14.5 L. ethanol were added,
heated under stirring up to 125° C., and further stirred at this
temperature for 2.5 h. Thereafter, the resulting mixed liquid
was transferred, after sufficient shear dispersion with a high
gravity rotation bed, to hexane that had been previously
cooled down to -30° C. After removing the liquid by filtra-
tion, the filter cake was washed with hexane for 5 times, and
dried to obtain a magnesium chloride adduct.
(2) Preparation of the Catalyst Component for Olefin Poly-
merization

The catalyst component for olefin polymerization was pre-
pared using the same process as described in Example 5,
except for that the magnesium chloride adduct as prepared in
step (1) of Comparative Example 5 was used to obtain a
catalyst component DC3.
(3) Polymerization of Propylene

The polymerization of propylene was carried out using the
same process as described in Example 5.

Comparative Example 6

The preparation of the magnesium chloride adduct and of
the catalyst component for olefin polymerization, and the
polymerization of propylene were carried out according to
the same processes as described in Comparative Example 5,
except for that the amount of hydrogen added during the
polymerization of propylene was 5.0 L.

Test Example 4

Using a Nikon Eclipse E200 type optical microscope-JVC
color video camera, the magnesium chloride adducts and the
catalyst components as prepared in Example 5 and Compara-
tive Example 3 were observed. The optical microphotograph
of the magnesium chloride adduct as prepared in Example 5
was shown in FIG. 4, and the optical microphotograph of the
magnesium chloride adduct as prepared in Comparative
Example 3 was shown in FIG. 5. The optical microphoto-
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graph of the catalyst component as prepared in Example 5
was shown in FIG. 6, and the optical microphotograph of the
catalyst component as prepared in Comparative Example 3
was shown in FIG. 7.

As can be seen from FIG. 4 and FIG. 5, the particles of the
magnesium chloride adduct as prepared in Example 5 were
featured with a relatively regular morphology, an essentially
spherical shape, a relatively narrow particle size distribution,
and a smooth particle surface, and were essentially free of
non-spherical particles, whereas the particles of the magne-
sium chloride adduct as prepared in Comparative Example 3
had a large quantity of non-spherical particles. As can be seen
from FIG. 6 and FIG. 7, the particles of the catalyst compo-
nent as prepared in Example 5 were featured with a uniform
particle size distribution and a regular morphology, whereas
the particles of the catalyst component as prepared in Com-
parative Example 3 included a relatively high amount of
broken particles.

Test Example 5

(1) Melt index of polymer was measured according to the
method of ASTM D1238-99.

(2) Isotacticity of polymer was measured by a heptane
extraction method carried out as follows: 2 g of dry polymer
sample was extracted with boiling heptane in an extractor for
6 h, then the residual substance was dried to a constant
weight, and the ratio of the weight of the residual polymer (g)
to 2 g of the dry polymer sample was regarded as isotacticity.

The results as obtained according to the above method
were shown in the below Table 3.

TABLE 3
Amount Activity Isotacticity MI of
of (kgPP/  ofpolymer  polymer

Catalyst H, (L) geat) (%) (g/10 min)
Example 5 Catalyst 1.5 393 98.3 8
Example 6  component 5.0 42.2 974 28

C3
Comparative Catalyst 1.5 47.0 98.3 4
Example 3 component
Comparative DC2 5.0 54.2 97.1 26
Example 4
Comparative Catalyst 1.5 48.2 98.2 3
Example 5 component
Comparative DC3 5.0 51.3 97.1 20
Example 6

As can be seen from the data in Table 3, the catalyst, as
prepared by using the magnesium chloride adduct according
to the present invention as a catalyst support, had a relatively
good hydrogen sensitivity in polymerization of propylene.
Specifically, by comparing the melting index of the polymer
as prepared from the polymerization of propylene using the
catalyst component C3 with the melting indexes of the poly-
mers as prepared from the polymerization of propylene using
the catalyst components DC2 and DC3, it could be seen that
the polymer prepared using the catalyst component C3 had a
better hydrogen sensitivity.

The above concrete embodiments are only used for
describing the embodiments of the present invention. How-
ever, the present invention is not limited to the concrete details
in the above embodiments. Within the scope of the technical
concept of the present invention, various simple modifica-
tions may be made to the technical solution of the present
invention, and all of these simple modifications belong to the
protection scope of the present invention.
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In addition, it should be indicated that the various concrete
technical features as described in the above concrete embodi-
ments, in the case of not being contradictory, may be com-
bined according to any suitable manner. In order to avoid
unnecessary repetition, the various possible combination
manners are not described herein.

Furthermore, the various different embodiments of the
present invention may also be arbitrarily combined, and shall
also be regarded as the contents disclosed in the present
invention with a proviso that they do not go against the con-
cept of the present invention.

What is claimed is:

1. A magnesium halide adduct, comprising at least one
compound of formula MgXY, at least one compound of for-
mula ROH, methanol, at least one modifying agent chosen
from DOE and o-hydroxy benzoates, and optionally water,
wherein

in the formula MgXY, X is a halogen, and Y, being inde-
pendent of X, is chosen from a halogen, C,-C, , alkyl,
C,-C,, alkoxy, Cs-C,, aryl, and C4-C, , aryloxy;

in the formula ROH, R is chosen from a C,-C,, alkyl,
C,-C,, cycloalkyl, and C-C,  aryl;

the DOE is chosen from polyol esters of formula (I)

@

wherein, R, and R,, which may be identical or different and
are independent of each other, are chosen from a halogen, a
substituted or unsubstituted linear or branched C,-C,, alkyl,
C;-C,, cycloalkyl, C4-Cyg aryl, C-C,, aralkyl, and C,-C,
alkenyl;

R,-R, and R'-R?*, which may be identical or different and
are independent of each other, are chosen from hydro-
gen, a halogen, a substituted or unsubstituted linear or
branched C,-C,, alkyl, C;-C,, cycloalkyl, C4-C,, aryl,
C,-C,, aralkyl, C,-C,, alkenyl, C,-C,, ester groups,
heteroatom-containing C,-C,, alkyl, heteroatom-con-
taining C;-C,, cycloalkyl, heteroatom-containing
C¢-C, aryl, heteroatom-containing C-C,, aralkyl, het-
eroatom-containing C,-C,, alkenyl, wherein the het-
eroatom, is one or more chosen a halogen, nitrogen,
oxygen, sulfur, silicon and phosphorus;

alternatively, two or more of R;-R, and R'-R** are linked to
form at least one ring structure chosen from saturated or
unsaturated ring structures;

the moiety in the parentheses “[ ]” represents k carbon
atoms linked in sequence, and each of the carbon atoms
is further linked to two substituents, so that there are k
carbon atoms and 2k substituents R!, R2,R>.. . R*inthe
parentheses; and

k is an integer ranging from 0 to 10, wherein when k=0, in
the polyol ester of formula (I), the carbon atom substi-
tuted with R; and R, is directly linked to the carbon atom
substituted with R5 and Rg; and
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the o-hydroxy benzoate is of formula (II):

an

C—O0R

OH

wherein, R is chosen from a linear or branched C,-C,,
alkyl, C;-C,, cycloalkyl, C4-C |, aryl, and C,-C, , aryla-
Lkyl.

2. The magnesium halide adduct according to claim 1,
wherein the magnesium halide adduct is of formula MgXY-
mROH-nCH,0OH-tM-qH,0, wherein

M represents the at least one modifying agent; m ranges

from 1-2.4; n ranges from 0.1-1.0; t ranges from 0.0001-
0.1; and q ranges from 0-0.8.

3. The magnesium halide adduct according to claim 2,
wherein m is 1.5-2.2, n is 0.3-0.8, t is 0.002-0.01, and q is
0-0.5.

4. The magnesium halide adduct according to claim 2,
wherein the at least one modifying agent M is chosen from the
o-hydroxy benzoates, and t ranges from 0.001-0.05.

5. The magnesium halide adduct according to claim 4,
wherein t ranges from 0.002-0.04.

6. The magnesium halide adduct according to claim 1,
wherein the at least one compound of the formula MgXY is
chosen from magnesium dichloride, magnesium dibromide,
phenoxy magnesium chloride, isopropoxy magnesium chlo-
ride and butoxy magnesium chloride.

7. The magnesium halide adduct according to claim 1,
wherein the at least one compound of the formula ROH is
chosen from ethanol, propanol, isopropanol, n-butanol,
isobutanol, pentanol, isopentanol, n-hexanol, n-octanol and
2-ethylhexanol.

8. The magnesium halide adduct according to claim 1,
wherein the o-hydroxy benzoate is one or more chosen from
methyl o-hydroxy benzoate, ethyl o-hydroxy benzoate,
n-propyl o-hydroxy benzoate, isopropyl o-hydroxy benzoate,
n-butyl o-hydroxy benzoate and isobutyl o-hydroxy ben-
zoate.

9. The magnesium halide adduct according to claim 1,
wherein, in the DOE of formula (1),

R, and R,, which may be identical or different and are
independent of each other, are chosen from a halogen,
C,-C,, alkyl, C;-C,, cycloalkyl, C4-C,, aryl, C,-C,,
aralkyl, and C,-C, , alkenyl; and

R,-R, and R*-R?*, which may be identical or different and
are independent of each other, are chosen from hydro-
gen, a halogen, C,-C, alkyl, C;-C, , cycloalkyl, Cs-C, ,
aryl, C,-C,, aralkyl, C,-C,, alkenyl, and C,-C,, ester
groups.

10. The magnesium halide adduct according to claim 9,
wherein R, and R, are independent of each other and are
chosen from a C,-C; alkyl, C;-C, cycloalkyl, C-Cg aryl, and
C,-Cg aralkyl;

R;-R are independent of each other and are chosen from

hydrogen, C,-C4 alkyl, and C;-C cycloalkyl; and

R*-R?** are independent of each other and are chosen from
hydrogen and a C,-C, alkyl.

11. The magnesium halide adduct according to claim 1,

wherein the DOE is chosen from diol esters of formula (Ia):
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(a)
R3 R ﬁ
R C—O0—C—R,
S\C/
R7/\
C—O0—C—R,
A
R's R's fo)

wherein, R | and R,, which may be identical or different and
are independent of each other, are chosen from a halo-
gen, a substituted or unsubstituted linear or branched
C,-C,, alkyl, C;-C,, cycloalkyl, C4-C,q aryl, C,-C,,
aralkyl, and C,-C,, alkenyl;

R;'-R', R, and Ry, which may be identical or different and

are independent of each other, are chosen from hydro-
gen, ahalogen, alinear or branched C, -C,, alkyl, C,-C,,
cycloalkyl, C¢-C, aryl, C,-C,, aralkyl, C,-C,, alkenyl,
heteroatom-containing C,-C,, alkyl, heteroatom-con-
taining C;-C,, cycloalkyl, heteroatom-containing
C-C,, aryl, heteroatom-containing C,-C,, aralkyl, and
heteroatom-containing C,-C,, alkenyl, wherein the het-
eroatom is one or more chosen from a halogen, nitrogen,
oxygen, sulfur, silicon, and phosphorus;

alternatively, two or more of R;'-R ' and R ,-R are linked to

form at least one ring structure chosen from saturated or
unsaturated ring structures.

12. The magnesium halide adduct according to claim 11,
wherein R, and R, are independent of each other and are
chosen from a halogen, a C,-C,, alkyl, C;-C,, cycloalkyl,
C¢-C,, aryl, C,-C , aralkyl, and C,-C, , alkenyl; and

R;'-R¢' and R,-R; are independent of each other and are

chosen from hydrogen, a halogen, a C,-C,, alkyl,
C;-C,, cycloalkyl, C4,-C,, aryl, C,-C,, aralkyl, and
C,-C,, alkenyl.

13. The magnesium halide adduct according to claim 12,
wherein R, and R, are independent of each other and are
chosen from a C,-C; alkyl, C,;-C4 cycloalkyl, C,-C, aryl, and
C,-Cg aralkyl;

R;'-R4' are independent of each other and are chosen from

hydrogen, C,-C4 alkyl, and C;-C cycloalkyl; and

R,-R; are independent of each other and are chosen from

hydrogen and a C,-C, alkyl.

14. The magnesium halide adduct according to claim 13,
wherein the diol ester of formula (Ia) is one or more chosen
from 1,3-propanediol dibenzoate, 2-methyl-1,3-propanediol
dibenzoate, 2-ethyl-1,3-propanediol dibenzoate, 2,2-dim-
ethyl-1,3-propanediol dibenzoate, (R)-1-phenyl-1,3-pro-
panediol dibenzoate, 1,3-diphenyl-1,3-propanediol diben-
zoate, 1,3-diphenyl-1,3-propanediol di-n-propionate, 1,3-
diphenyl-2-methyl-1,3-propanediol  dipropionate,  1,3-
diphenyl-2-methyl-1,3-propanediol diacetate, 1,3-diphenyl-
2,2-dimethyl-1,3-propanediol dibenzoate, 1,3-diphenyl-2,2-
dimethyl-1,3-propanediol dipropionate, 1,3-di-t-butyl-2-
ethyl-1,3-propanediol dibenzoate, 1,3-diphenyl-1,3-
propanediol diacetate, 1,3-diisopropyl-1,3-propanediol di(4-
butylbenzoate), 1-phenyl-2-amino-1,3-propanediol
dibenzoate, 1-phenyl-2-methyl-1,3-butanediol dibenzoate,
1-phenyl-2-methyl-1,3-butanediol neopentanoate, 3-butyl-2,
4-pentanediol dibenzoate, 3,3-dimethyl-2,4-pentanediol
dibenzoate, 2,4-pentanediol dibenzoate, 2,4-pentanediol
di(p-chlorobenzoate), 2,4-pentanediol di(m-chloro ben-
zoate), 2,4-pentanediol di(p-bromobenzoate), 2,4-pen-
tanediol di(o-bromobenzoate), 2,4-pentanediol di(p-methyl-
benzoate), 2,4-pentanediol di(p-t-butylbenzoate), 2.4-
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pentanediol di(p-butylbenzoate), 2-methyl-1,3-pentanediol
di(p-chlorobenzoate), 2-methyl-1,3-pentanediol di(p-meth-
ylbenzoate), 2-butyl-1,3-pentanediol di(p-methylbenzoate),
2-methyl-1,3-pentanediol di(p-t-butylbenzoate), 2-methyl-1,
3-pentanediol neopentanoate, 2-methyl-1,3-pentanediol ben-
zoate cinnamate, 2,2-dimethyl-1,3-pentanediol dibenzoate,
2,2-dimethyl-1,3-pentanediol benzoate cinnamate, 2-ethyl-1,
3-pentanediol dibenzoate, 2-butyl-1,3-pentanediol diben-
zoate, 2-allyl-1,3-pentanediol dibenzoate, 2-methyl-1,3-pen-
tanediol dibenzoate, 2-ethyl-1,3-pentanediol dibenzoate,
2-propyl-1,3-pentanediol ~ dibenzoate, 2-butyl-1,3-pen-
tanediol dibenzoate, 2,2-dimethyl-1,3-pentanediol diben-
zoate, 1,3-pentanediol di(p-chlorobenzoate), 1,3-pentanediol
di(m-chloro benzoate), 1,3-pentanediol di(p-bromoben-
zoate), 1,3-pentanediol di(o-bromobenzoate), 1,3-pen-
tanediol di(p-methylbenzoate), 1,3-pentanediol di(p-t-butyl-
benzoate), 1,3-pentanediol di(p-butylbenzoate), 1,3-
pentanediol ~ benzoate  cinnamate, 1,3-pentanediol
dicinnamate, 1,3-pentanediol dipropionate, 2-methyl-1,3-
pentanediol benzoate cinnamate, 2,2-dimethyl-1,3-pen-
tanediol dibenzoate, 2,2-dimethyl-1,3-pentanediol benzoate
cinnamate, 2-ethyl-1,3-pentanediol dibenzoate, 2-butyl-1,3-
pentanediol dibenzoate, 2-allyl-1,3-pentanediol dibenzoate,
2-methyl-1,3-pentanediol benzoate cinnamate, 2,2,4-trim-
ethyl-1,3-pentanediol ~ diisopropylformate, 1-trifluorom-
ethyl-3-methyl-2,4-pentanediol dibenzoate, 2,4-pentanediol
di-p-fluoromethyl benzoate, 2,4-pentanediol di(2-furanfor-
mate), 2-methyl-6-heptene-2,4-heptanediol  dibenzoate,
3-methyl-6-heptene-2,4-heptanediol dibenzoate, 4-methyl-
6-heptene-2,4-heptanediol dibenzoate, 5-methyl-6-heptene-
2,4-heptanediol dibenzoate, 6-methyl-6-heptene-2,4-hep-
tanediol dibenzoate, 3-ethyl-6-heptene-2,4-heptanediol
dibenzoate, 4-ethyl-6-heptene-2,4-heptanediol dibenzoate,
5-ethyl-6-heptene-2,4-heptanediol dibenzoate, 6-ethyl-6-
heptene-2.4-heptanediol dibenzoate, 3-propyl-6-heptene-2,
4-heptanediol  dibenzoate, 4-propyl-6-heptene-2,4-hep-
tanediol dibenzoate, 5-propyl-6-heptene-2,4-heptanediol
dibenzoate, 6-propyl-6-heptene-2,4-heptanediol dibenzoate,
3-butyl-6-heptene-2,4-heptanediol dibenzoate, 4-butyl-6-
heptene-2.4-heptanediol dibenzoate, 5-butyl-6-heptene-2,4-
heptanediol dibenzoate, 6-butyl-6-heptene-2,4-heptanediol
dibenzoate, 3,5-dimethyl-6-heptene-2,4-heptanediol diben-
zoate, 3,5-diethyl-6-heptene-2,4-heptanediol dibenzoate,
3,5-dipropyl-6-heptene-2,4-heptanediol  dibenzoate, 3,5-
dibutyl-6-heptene-2,4-heptanediol ~ dibenzoate, 3,3-dim-
ethyl-6-heptene-2.,4-heptanediol dibenzoate, 3,3-diethyl-6-
heptene-2,4-heptanediol dibenzoate, 3,3-dipropyl-6-
heptene-2.4-heptanediol dibenzoate, 3,3-dibutyl-6-heptene-
2,4-heptanediol dibenzoate, 3-ethyl-3,5-heptanediol
dibenzoate, 4-ethyl-3,5-heptanediol dibenzoate, S-ethyl-3,5-
heptanediol dibenzoate, 3-propyl-3,5-heptanediol diben-
zoate, 4-propyl-3,5-heptanediol dibenzoate, 3-butyl-3,5-hep-
tanediol dibenzoate, 2,3-dimethyl-3,5-heptanediol
dibenzoate, 2,4-dimethyl-3,5-heptanediol dibenzoate, 2,5-
dimethyl-3,5-heptanediol dibenzoate, 2,6-dimethyl-3,5-hep-
tanediol dibenzoate, 3,3-dimethyl-3,5-heptanediol diben-
zoate, 4,4-dimethyl-3,5-heptanediol  dibenzoate, 4,5-
dimethyl-3,5-heptanediol  dibenzoate, 4,6-dimethyl-3,5-
heptanediol  dibenzoate,  4,4-dimethyl-3,5-heptanediol
dibenzoate, 6,6-dimethyl-3,5-heptanediol dibenzoate, 2-me-
thyl-3-ethyl-3,5-heptanediol dibenzoate, 2-methyl-4-ethyl-
3,5-heptanediol  dibenzoate, 2-methyl-5-ethyl-3,5-hep-
tanediol  dibenzoate, 3-methyl-3-ethyl-3,5-heptanediol
dibenzoate, 3-methyl-4-ethyl-3,5-heptanediol dibenzoate,
3-methyl-5-ethyl-3,5-heptanediol dibenzoate, 4-methyl-3-
ethyl-3,5-heptanediol dibenzoate, 4-methyl-4-ethyl-3,5-hep-
tanediol dibenzoate, 9,9-bis(benzoyloxymethyl)fluorene,
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9,9-bis((m-methoxybenzoyloxy)methy)fluorene,  9,9-bis
((m-chlorobenzoyloxy)methyl)fluorene, 9,9-bis((p-chlo-
robenzoyloxy)methyl)fluorene,  9,9-bis(cinnamoyloxym-
ethyD)fluorene, 9-(benzoyloxymethyl)-9-
(propylcarboxylmethyl)fluorene, 9,9-bis
(propylcarboxylmethyl)fluorene, 9,9-bis(acryloxymethyl)
fluorene, and 9,9-bis(neopentylcarboxylmethyl)fluorene.

15. The magnesium halide adduct according to claim 1,
wherein the magnesium halide adduct is in the form of spheri-
cal particles, and said spherical particles have an average
particle diameter ranging from 10 pm to 100 pm.

16. A catalyst component for olefin polymerization, com-
prising a product obtained from a reaction of at least one
magnesium halide adduct according to claim 1, at least one
titanium compound and at least one internal electron donor
compound.

17. The catalyst component according to claim 16, wherein
the at least one titanium compound is chosen from com-
pounds of formulae Ti(OR");_,Z, and Ti(OR"),_,Z,, wherein
R' is chosen from C,-C,, alkyl, Z is halogen, a is an integer
ranging from 1-3, and b is an integer ranging from 1-4.

18. The catalyst component according to claim 17, wherein
the at least one titanium compound is chosen from titanium
trichloride, titanium tetrafluoride, titanium tetrachloride, tita-
nium tetrabromide, titanium tetraiodide, tributoxy titanium
chloride, dibutyoxy titanium dichloride, butyoxy titanium
trichloride, triethoxy titanium chloride, diethoxy titanium
dichloride, ethoxy titanium trichloride and titanium trichlo-
ride.

19. The catalyst component according to claim 18, wherein
the at least one titanium compound is chosen from titanium
tetrachloride and titanium tetrabromide.

20. The catalyst component according to claim 16, wherein
the at least one internal electron donor compound is chosen
from carboxylates, alcohol esters, ethers, ketones, amines and
silanes.

21. The catalyst component according to claim 20, wherein
the at least one internal electron donor compound is chosen
from monohydric and polyhydric aliphatic carboxylates,
monhydric and polyhydric aromatic carboxylates, dihydric
alcohol esters and diethers.

22. The catalyst component according to claim 16, wherein
the weight ratio of the titanium element in the titanium com-
pound, the magnesium element in the magnesium halide
adduct and the at least one internal electron donor compound
is 1:(5-15):(2-15).

23. The catalyst component according to claim 22, wherein
the weight ratio of the titanium element in the titanium com-
pound, the magnesium element in the magnesium halide
adduct and the at least one internal electron donor compound
is 1:(6-13):(3-12).

24. A process for preparing a catalyst component for olefin
polymerization, comprising adding contacting the magne-
sium halide adduct according to claim 1 with at least one
titanium compound and at least one internal electron donor
compound to form a catalyst component.

25. A process for preparing a catalyst for olefin polymer-
ization, comprising contacting together: (1) a catalyst com-
ponent comprising the magnesium halide adduct according to
claim 1 as a catalyst support, (2) at least one alkyl aluminum
compound, and (3) optionally at least one external electron
donor compound.

26. A catalyst for olefin polymerization, which comprises:

(1) the catalyst component for olefin polymerization

according to claim 16;
(2) at least one alkyl aluminum compound; and
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(3) optionally at least one external electron donor com-
pound.
27. A process for olefin polymerization, comprising: con-
tacting the catalyst for olefin polymerization according to
claim 26 with at least one olefin. 5
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